in service and the causes of mechanical defects. It was a key post in another respect as the Swindon shed had the responsibility of running-in all the new engines coming out of the works, so Stanier saw a number of new types embodying many novel features. Smoking was strictly forbidden in the shed and when Stanier twice detected 3rd Class Engineman, J. H. Thomas, later to be a Cabinet Minister, smoking, he rebuked him sternly for setting such a bad example when he was already one of the men's leaders.
Promotion came quickly as in February 1903 Stanier was installed as Assistant Divisional Superintendent, Westbourne Park. This was a crucial period in G.W.R. history as Churchward had succeeded Dean as Chief Mechanical Engineer in 1902 and the great programme was launched for re-equipping the Great Western with a range of standard locomotives with many important components such as boilers, cylinders and wheels common to more than one class of locomotive, a task which Stanier was to repeat for the L.M.S. thirty years later. The programme involved many running trials which were seen first-hand by Stanier at Westbourne Park. He had already developed a keen critical eye for locomotive performance, and when Churchward asked him what was wrong with his new Atlantics, Stanier said: 'They don't steam well' and pointed out a possible defect in the grate design. 'Dammit Stanier', Churchward exclaimed, 'I believe you're right. ' The grates were altered and the trouble disappeared.
Stanier was interested in technical education all his life and in London he found time to talk to the foot-plate staff at their Mutual Improvement Classes and to teach the evening classes for enginemen and firemen at the Willesden Technical School. He did not lose touch with Swindon and, being a keen swimmer, he played for the Swindon water-polo team. It was there in 1905 that he became engaged to Miss Ella Elizabeth Morse.
In October 1906 , at the age of thirty, just married, Stanier was given the responsible post of Divisional Locomotive Superintendent of the Swindon Division which he held until 1912. During those years he saw a lot of Churchward's standard engines as they came out of the shops to be run-in and he often drove one himself on the foot-plate. In this way he got a shrewd view of the strong and weak points of each type and of their capabilities in service. He also took part in the trials of the automatic train control equip ment on the Oxford-Fairford line which led to its general adoption by the G.W.R.
During the years that he was in charge of the Swindon Division, Stanier contributed a remarkable series of papers to the Swindon Engineering Society affiliated to the G.W.R. Mechanics Institution. These must have been most helpful and stimulating to the G.W.R. staff and they are today of special value in showing the trend of Stanier's mind and interests during those formative years. They dealt in annual succession with, 'the equipment of a running shed', 'lubrication and lubricating of locomotives', 'feed pumps and injectors for locomotive purposes', 'the consideration of the unit of cost of locomotive operation', 'engine working diagrams and arrangements'.
They show the subjects which Stanier considered of importance to young engineers; they show also his intimate knowledge of the details of each and his clear-cut view of the issues involved. The method of presentation in each is admirable and the material shows how closely Stanier was following technical progress in other railways, both here and abroad. Lubrication was one of Stanier's pet interests and there is no doubt that his close study of the lubrication of every type of bearing on locomotives and rolling stock went far to eliminate causes of casualties and increase availability. Whatever Stanier wrote subsequently (he did not write much) was marked by the same clarity, and emphasis on the significant, and sound practical common sense.
In 1912 Stanier left the running side to become Assistant Works Manager to Collett at Swindon in pursuance of the G.W.R. policy to effect frequent changes between the works and operating staffs. Fortunately for Stanier's keen interest in machine tools and in manufacturing processes both Churchward and Collett were anxious that the works should have the most up-to-date equipment. Stanier began the conversion of belt-driven machines to individual drives and with his running experience introduced a number of useful, if minor, changes in design. In 1914 he made his first appearance at the Institution of Mechanical Engineers at a symposium on automatic train control with a paper describing the Great Western System and in the discussion he more than held his own with his direct practical replies.
When war came in 1914 the railway shops were quickly called on to help the production of munitions and at Swindon Collett and Stanier showed that there was hardly any task that they could not meet, even to the rifling of guns. The modification of the machines for their new tasks and the introduc tion of new processes was left largely to Stanier, and his expertise in making things was never turned to better account. The output of the works ranged from 6-in. guns and 8-in. howitzers to fuses.
In 1920 Churchward took Collett as his Principal Assistant to facilitate the succession and Stanier became Works Manager for two years until Collett succeeded Churchward as C.M.E. and Stanier became his Principal Assistant. They continued the Churchward tradition and kept the Great Western in the forefront of engine capacity with the Castle class in 1923 and the King class in 1927, designed to keep the G.W.R. ahead of the L.M.S. Royal Scots which had just appeared.
In the autumn of 1927 Stanier took the King George V to America for the centenary celebration of the Baltimore and Ohio Railroad. The engine attracted much attention in the exhibition, being described as 'more like an automobile than a locomotive and made like a watch'. Subsequently it did trial runs between Washington and Philadelphia hauling a Pullman train and behaved admirably.
The amalgamation of 1923 left the Great Western almost unchanged and Stanier's mind was concentrated on the continuous improvement of its motive power stock. The next new engine was the Hall class, a standard 2-cylinder 4-6-0, a larger general purpose locomotive to take the place of many of the earlier 4-4-0 classes, a forecast of what Stanier would soon be doing for the L.M.S.
The London Midland & Scottish Railway had a very different post amalgamation history to the Great Western, as it was formed by combining eight main-line companies and 27 subsidiary companies and there was an immediate struggle for power among the constituent partners in which first one and then another was in the ascendant, until Stamp became Chairman and President in 1927. As each C.M.E. of the constituent companies had his own ideas about the appropriate locomotive designs for particular tasks the L.M.S. found itself with no less than 393 types among the 10 316 loco motives it inherited on amalgamation. By the end of 1931 the number had been reduced to 9032 of 261 types, most of them of considerable age. When I went to Euston in 1930 to replace the late Mr R. W. Reid, who had died during an operation, the rationalization of the locomotive stock was obviously one of the most urgent problems.
Individual costing of each engine class had made it possible to discard the least efficient but there was an urgent need for a range of standard loco motives, such as Churchward, Collett and Stanier had built for the Great Western. Stamp had sent me in the summer of 1930 on a three months' tour of the American railways with my five chief officers to study conditions and practices in the U.S.A. and to give me an opportunity to get to know my staff more intimately. In January 1931 Sir Henry Fowler moved over to research and E. H. J. Lemon (later Sir Ernest, and Director General of Aircraft Production in the Air Ministry, 1938-1940) became C.M.E. However, by the summer Stamp had decided that Lemon was to become a Vice-President, Operations and Commercial, and told me to find a new C.M.E. Both Fowler and Lemon advised me that Stanier was the best man for the job, and having lived on the Great Western for 30 years I knew the good riding and time-keeping of their trains. Also during my years at Euston I had heard a lot about the Churchward tradition. Stanier had the advantage of not belonging to one of the constituent companies of the L.M.S. and therefore would be in a neutral position to sort out the differ ences between rival practices. Stamp agreed with our recommendation and as usual left the first approach to me to give me the opportunity of making up my mind. So in October Lemon asked Stanier to lunch with us at the Athenaeum and we discussed water-softening, among other things. Stanier then lunched with me at The Travellers when I pointed out to him that he was 55 and that Collett showed no sign of making way for him on the C.W .R. while, if he came to Euston, he would have a wonderful opportunity to modernize our locomotive stock. Stanier was surprised that the invitation had not come from Stamp to his General Manager but when his Chairman made it clear that he would not displace Collett and when due formalities had been observed, Stanier decided to come to Euston and he took over on 1 January 1932. He had a very friendly welcome even from those whose hopes of promotion had been disappointed.
The impact he made is well described by E. S. Cox who later became one of his Design Assistants: 'Stanier was big in stature and in mind. We quickly became aware that he was no doctrinaire, and although chosen by the powerful and imaginative team now running the railway under Sir Josiah Stamp for the express purpose of initiating a positive mechanical engineering policy for the L.M.S. on the lines of that so brilliantly conferred upon the G.W.R. by Churchward, he did not immediately or blindly graft Swindon practice as a whole on to his new charge. His other outstanding characteristic was that when he found he had made a mistake, and being human he was no less prone than other mortals, he would never seek to cover up bad engineer ing by worse, but would change direction quickly and completely, without wasting a moment of further time on what had proved unsatisfactory. In keeping with this trait he was not a man of many words. He gave his instructions in brief terms, and when the resulting schemes were put before him, was apt to accept or reject with a minimum of comment. He was the antithesis of the committee type, and was fortunate in finding himself in absolute charge of his own department. Above all he was human and kindly and could talk to the tool fitter, the draughtsman or the engine driver in language which they understood. ' For forty years Stanier had been gaining experience in every aspect of the steam locomotive, in its design, its fabrication and erection, and in its operation, and the day had now come when he could put that wealth of experience and judgement into independent action. He found conditions very different to those in the G.W.R. where everything concerning rolling stock was centred at Swindon. On the L.M.S. there were major workshops at Crewe, Derby, Horwich, Wolverton and St Rollox, with Drawing Offices at Crewe, Derby and Horwich. The Motive Power Department, under the Operating Superintendent, was only responsible to the C.M.E. for main tenance standards and procedure, so that for running experience of his engines he had to depend on his mechanical and boiler inspectors. In the workshops he found that much progress had been made with a progressive system of locomotive repairs originated by H. P. M. Beames at Crewe and later adopted at Derby and other locomotive works of the Company, with the assistance of R. A. Riddles. This had reduced the average time of general repair of a locomotive from 5 | weeks to 6 days. Also the Crewe boiler making shop was particularly efficient. Stamp had done his best to get common practices established by a Job Analysis Committee. This, a fore runner of Work Study, had made a comparative study of the practices in the constituent companies and had evolved the most efficient combination of them all. Stanier, however, was faced with the problem of getting the various constituent sections of his department to act together as a team and this he was not long in doing. He soon picked his own staff for the urgent task ahead of him with Beames and Symes as his principal assistants, and first Chambers and later Coleman as Chief Draughtsman. Stanier had to make up his mind quickly as to the classes of standard engines that were needed on the L.M.S. One reason for the large number of different types of engines was the idea that specific designs were needed to meet specific traffic conditions. Stanier's experience on the Great Western, where the same engine hauled express trains from Paddington to Cornwall, in spite of the great differences between the level straight run to Swindon and the inclines and curves further west, had taught him that a good design has the flexibility to meet different conditions. The L.M.S. had a number of good locomotives, such as the Royal Scots, Baby Scots and other classes like the Claughtons and Midland Compounds, but they were none of them powerful enough to meet the demands for heavier trains and higher speeds, and consequently double-heading was in common use. Stanier's objective was to eliminate it quickly. In his new designs Stanier aimed at getting the best blend of Swindon and L.M.S. practice. He made few alterations in the latest types of L.M.S. cylinders, valves and valve gear which had given good service. The most important change was the improvement of bearings. The Swindon design of axle-box was far better than the Midland or North Western and Stanier improved on it to give even better lubrication. Then by introducing new standards of accuracy and finish in the machining of the bearing surfaces it was possible to eliminate the crude process of scraping and fitting which was the source of so much trouble. So effective was this change in design and manufacture that, in 1939, 1274 engines so equipped had only 122 hot coupled boxes between them, while 2021 of the earlier types had 1140. This meant a great improvement in availability and reduction in main tenance man hours. Besides the axle-boxes there were improvements in the lubrication of connecting and coupling rods. Another innovation was to recast the whole design and practice of wheel centres, balance weights and tyre assembly, the latter practically eliminated the epidemic of broken locomotive tyres.
The introduction of the tapered boiler based on G.W. practice has always been considered Stanier's sign manual and he himself thought it was one of his most important contributions. Its object was to provide more space for free circulation of the boiler water near the fire box thus raising the steam production. Stanier thought that the improvement in steam raising would counterbalance the lower degree of superheat that was a feature of Swindon design. This he embodied in his new designs for the L.M.S. But experience proved that this was not so under the conditions on the L.M.S. and his later designs all provided for an increase in superheat.
Stanier was a master of workshop practice and one of his major influences in the L.M.S. was his demand for greater precision and quality of finish. He was intensely interested in machine tools and I never went round a workshop with him without his pointing out some improved practice that he had sponsored. There is no doubt that his insistence on fine workmanship increased the availability of rolling stock and reduced the costs of maintenance.
In 1932 Stanier began with the design of a small batch of 2-6-0 mixed traffic engines to get the drawing offices and the works accustomed to his outlook and methods and he soon got to work on the design of a 4-6-2 Pacific with a much larger tractive effort than the Royal Scot. He met with constructive criticism of some of his Swindon practices which were not an improvement on the L.M.S. designs and were subsequently dropped. It was a remarkable feat both on his part and in the Works that the first of the two Pacifies left Crewe 17 months after his arrival at Euston. It gave a good account of itself by hauling the midday express from Euston to Glasgow and back, which had previously taken three Royal Scots at different stages of the journey. Experience with these prototype Pacifies resulted in an improved design with increased superheat in the Princess class in 1935. Still further improvements in grate area and in superheat were made in the design of the Duchess class (including the Coronation) in which Stanier had streamlined all the steam passages and increased the valve area to give a very freerunning engine of great power and steady riding, thanks to Stanier's re-design of the front bogie. This was the high-water mark of Stanier's express engines and the Coronation achieved a record speed of 114 m.p.h. Meanwhile in 1933 and 1934 Stanier had been working on designs of a 4-6-0 two-cylinder mixed traffic engine, and a three-cylinder 4-6-0 to replace the Claughtons. Both were built with taper boilers and reduced superheat which should have been compensated by the improved circulation in the boiler. Unfortunately this did not happen with the three-cylinder engines and the new design gave a disappointing performance which incurred much criticism. I recall their being dubbed 'ice boxes'. This experience changed Stanier's views about superheat and a modified design with a better blast pipe and more superheater surface soon re-established the reputation of the Jubilees as they were called. The two-cylinder mixed traffic 4-6-0 was a success from the start though later batches had their superheat increased. Over 500 were built and gave magnificent service all over the L.M.S. system, disposing of the idea that each section of the line needed its own type of locomotive. Stanier's new 2-8-0 freight engine was equally successful and during the war was adopted as standard by all the companies. Many were built for service overseas. By the end of 1935, only 4 years after Stanier's arrival, over 600 of his standard engines (including three types of tank engines) had been added to the L.M.S. stock which had been reduced to below 8000 of 206 types. By 1939, 1224 engines had been built to his designs and they gave wonderful service during the war. Their value was seen in the big increase of mileage between general repairs, the drop in locomotive casualties, the increased speed and weight of both passenger and goods services and also in a large saving in coal consumption. Stanier had more than fulfilled the hopes of those who persuaded him to come to Euston. During Stanier's regime a revolution had been taking place in the con struction of carriage and wagon stock in which steel largely replaced wood, welding took the place of riveted structures and was widely used with reductions in weight and cost. The resulting change was described by Stanier in a paper to the Institution of Mechanical Engineers in 1939. In all this development Stanier had the loyal help of the team he had gathered round him and I know that it would be his wish that I should put on record their names and the contribution that each of them made. Although Stanier was not altogether happy in his relations with the Research Department, they did help him in various ways, particularly in the metallurgical problems associated with metal fatigue of tyres, axles and laminated springs and corrosion fatigue of boilers. Their studies of com bustion led to improved firing, little and often as it was called, that gave savings of from 5 to 10 per cent of coal. Cinematograph records showed the relation of steady riding to the coning of the tyres and also the tendency of coupled wheels to lift slightly from the rails at high rotational speeds. Measurements in a wind tunnel showed the saving in wind resistance given by streamlining at high speeds. Research into the painting of rolling-stock produced large savings.
In October 1936 Sir Ralph Wedgewood of the L.N.E.R. and Stanier were invited by the Government of India to undertake an inquiry into the finances and engineering of the State-owned railways which had just incurred an annual deficit of £ 1 \ million. Their remit is curiously reminiscent of the state of the British railways twenty years later. They were asked to suggest such measures as would at an early date place railway finances on a sound and remunerative basis. They spent four months in India from November 1936 to March 1937 and reported early in June. Stanier's hand can be seen in the recommendations regarding excessive locomotive stock and defects in its maintenance and in the careful supervision of the subordinate staff that was needed during the Indianization of the railways. 'This must be given by experienced men who do not hesitate to take off their coats if necessary to show how the work should be done.' Stanier on one occasion when visiting Crewe climbed into the fire-box of an engine without knocks to see for himself what was the matter. Everyone marvelled at the very neat way he got through the fire-hole without touching the sides.
A month after the publication of the Report a terrible accident on the East Indian Railway due to the derailment of a Pacific locomotive resulted in the loss of over 100 lives. There had already been numerous cases of hunting and violent oscillation, leading to distortion of the track with this class of locomotive and some actual derailments. A judicial enquiry blamed the accident on the locomotive and recommended the appointment of an International Committee to enquire into the cause of the accident and make recommendations to avoid the possibility of its recurrence. The Pacific Locomotive Committee, under the chairmanship of Lt-Col. Sir Alan Mount, Chief Inspecting Officer of Railways in Great Britain, contained as members Stanier, Leguille, C.M.E. of the Est Region of the French railways, and Dharwan, a former Chief Civil Engineer of the Indian North Western Railways, with E. S. Cox as Technical Assistant. They spent six weeks in India in 1938 travelling over 3000 miles on the footplates of various engines. The Indian Railway Board thought that they had found a solution by greatly increasing the friction on the horizontal bogie rubbing surfaces sufficiently to prevent hunting. However, their own records showed that while this was effective on straight track, it failed on curves. The addition of much stronger side control springs, plus appropriate damping, was shown to be the solution before the Committee left India. During the earlier discussions there had been violent differences of opinion and when the atmosphere had become highly charged, Stanier, with his urbane manner and his human tolerance, was always a calming influence and was greatly respected by all sides. During his absence, C. E. Fairburn, the Chief Electrical Engineer, who was appointed Deputy C.M.E. in 1937 acted for Stanier.
Stanier's only venture with an unconventional type came in 1935 when he built a 4-6-2 steam turbine locomotive, turbomotive in short. In 1932 a Swedish railway put into service a Ljungstrom non-condensing turbomotive and the late Dr H. L. Guy (later Sir Henry), the Chief Turbine Engineer of the Metropolitan-Vickers Company, invited Stanier to go to Sweden with him to see it. Guy was a great enthusiast in this field and a preliminary study showed that this type of locomotive offered certain potential advantages. The elimination of reciprocating motion would reduce the hammer blow, the substitution of a turbine for cylinders, valves and valve gear promised to reduce maintenance and increase availability, and the turbomotive had a higher thermal efficiency. One of the three experimental 4-6-2 engines was built as a turbomotive in cooperation with Metropolitan-Vickers who supplied the turbines and the gear drive. It ran successfully until the war and with certain modifications showed itself capable of performing the heaviest tasks. It ran sweetly and the footplate staff named it Gracie Fields as it sang as it went. Being different to the standard types it needed special supervision and under war conditions it ran into trouble. Subsequently it was decided that the advantages it offered did not compensate for the exceptional treatment it needed and it was rebuilt in a standard pattern.
In 1936 Stanier was elected President of the Institution of Locomotive Engineers and in his presidential address dealt with various types of exotic steam locomotives of the water-tube boiler type and others, including his own 49& Biographical Memoirs turbomotive. He dealt also with the wind resistance to fast trains which became a significant factor over 60 m.p.h. He also discussed some interesting measurements made by the Great Indian Peninsular Railway which showed that the maximum resistance at a given wind speed occurred when the wind direction was at an angle of 45° to the direction of the train.
His second presidential address in 1939 on 'Problems connected with locomotive design' was much more revealing as it described Stanier's own design philosophy. Starting with the locomotive as a vehicle he described his design for the leading bogie or pony truck that reduced the flange forces exerted by the coupled wheels on curves and prevented oscillation on straight track. Then followed a description of his axle-boxes and their lubrication that had done so much to reduce hot boxes on the L.M.S. He then emphasized the importance of streamlining the steam passages in order to reduce pressure losses to a minimum and to obtain the necessary draught from the blast-pipe with the least loss of energy. This brought him to front-end design and the need for a testing station in which various combinations of the variable elements in the design of boilers, grates and blast pipes could be tested on a stationary engine so as to determine the optimum combination for good steaming and fuel efficiency. He paid a tribute to Sir Nigel Gresley's advocacy which had led to the building of a joint locomotive testing plant at Rugby by the L.N.E.R. and L.M.S. railways. This was not completed until after the war when Stanier had retired.
In 1941 Stanier became President of the Institution of Mechanical Engineers and his Presidential Address was entitled 'The position of the locomotive in mechanical engineering'. After summarizing the development of the steam locomotive since 1900 Stanier described the great improvements that had been made in overall efficiency and in the costs of maintenance and in availability. While the boiler efficiency had risen from 60 to 70%, the overall thermodynamic efficiency had risen from 5-2 to 10-8% in the latest types of single expansion engines and to 12-8 in Chapelon's 4-8-0 with compound expansion. Stanier then showed that the loading gauge of British railways made compound expansion of the Chapelon design im possible and explained why compound engines had gradually been aban doned here. After describing the results of testing the new L.M.S. designs with a dynamometer car he showed the need for a stationary testing plant in which all the inputs and outputs of fuel, water and energy could be accurately measured. At the same time he emphasized the need for accurate testing on the road in order to determine the operating conditions for maximum efficiency of an engine by trials at different loads and speeds. He described the mobile testing unit developed for this purpose on the L.M.S. in which electrical braking is used so that by an automatic adjustment a constant speed of the locomotive under test could be maintained irrespective of gradient or wind conditions. Linally he reviewed the great increase in operating efficiency with corresponding financial savings as a result of improved designs leading to lower maintenance cost and greater availability.
At the end of the lecture two films were shown, which had been made by the Research Department, showing the effect of changes in the taper of the tyre contour on the oscillation of the wheel on the rail, and the effect of changes in the counter-balancing of locomotive driving wheels and the tendency of the wheel to leave the rail at high speed. This was Stanier's last engineering paper.
Stanier had not forgotten the war service of the Great Western and in 1934 he made a survey of all the machine tools on the L.M.S. for use in an emergency and he also reported its workshop capacity to the Committee for Imperial Defence. In June 1937 the Master General of Ordnance, General Sir Hugh Elies, a friend from the First World War, asked me if the L.M.S. could undertake the design and construction of tanks (armoured fighting vehicles). Stanier agreed to this and a special design office was set up in London under H. G. Ivatt, who was responsible for all the subsequent tank programmes carried out by the L.M.S.
The first design undertaken was a large experimental tank designated A14 weighing about 30 tons, powered by a 600-h.p. Thornycroft engine, having a very elaborate 8-speed epicyclic gearbox and capable of a speed of over 30 m.p.h. This was a very impressive machine but was adjudged to be too expensive in man hours to produce in large quantities. The L.M.S. were therefore asked to design a smaller lighter tank designated Cruiser Tank Mark V, the Covenanter. This vehicle went into production in the Crewe workshops, the turrets being made at Derby and the hulls at Crewe. These tanks were also built by the English Electric Company and Leyland Motors, a total of approximately 2000 being constiucted.
Under a system adopted by the Ministry of Supply the L.M.S. acted as 'Parent firm5 to the group of firms producing this tank. This involved co ordinating all production arrangements, making about 5000 production drawings (about 50 000 prints), compiling and printing illustrated instruc tion books and spare parts lists, and providing liaison officers to visit the various army units equipped with this tank during training.
During this period Horwich Works built over four hundred of the Infantry Tank Mark II (Matilda) to drawings prepared by Vulcan Foundry, a well-known firm of locomotive builders.
In addition to design and manufacture, the L.M.S. Railway undertook a considerable amount of development work for tanks in the course of which they designed and built two autographic machines for testing the shock absorbers used on these vehicles, and two machines for the endurance testing of the rather high performance springs used in the Christy type tank suspensions, and a new type of suspension for a projected heavier tank. In addition a large machine was designed, built and installed at Derby for endurance testing of complete tank suspensions. Variable speed, high power electrical driving gear for this machine not being easily available in war-time it was driven by a 250 h.p. railway traction motor which was supplied with variable voltage current by a similar motor used as a generator and driven by an a.c. motor in the usual way. This machine was capable of testing the largest tank suspensions in almost every conceivable way. In 1938 Ernest Lemon, then Director General of Aircraft Production, asked us to undertake the construction of wings for the Hurricane aircraft. This and subsequent aircraft contracts were organized by C. E. Fairburn who had been a test pilot at Martlesham in the First War. By the outbreak of war production was beginning in a workshop at Derby, which produced nearly 3000 pairs of wings by 1945. Other aircraft contracts included the making of Typhoon wings and Horsa Gliders and the repair of Spitfires and of Hampden, Lancaster and other bombers.
With the growing demands of the Forces the L.M.S. shops were called on to supply a vast variety of munitions. By the end of 1943, 4700 contracts had been accepted for government work. Stanier was thus deeply involved in the devolution of the workshops from their normal work and in their expansion to meet the emergency. One result of this was his full-time secondment to the Ministry of Production in 1942 as one of their three scientific advisers, his colleagues being Sir Thomas Merton and Sir Ian Heilbron. Stanier's great contribution in the Ministry was that he nearly always knew where and how anything could best be made. If he did not know himself he soon found out from his wide circle of friends. Meanwhile Fairburn took over his respon sibilities until he became C.M.E. in 1944 on Stanier's retirement. In the same year Stanier's contributions to engineering had been recognized by his election into the Royal Society, the first locomotive engineer to be so honoured since Robert Stephenson. His knighthood followed in 1944 in recognition of his public services.
Retirement for Stanier only meant changes in his busy life. Until 1948 he continued to act as scientific adviser to the Ministry of Production. In this capacity he had always been a supporter of W hittle's jet engine and in 1944 he became a director of Power Jets (R. & D.) Ltd. of which he was chairman from 1949 to 1963, remaining an active member of the Board until his death.
In 1947 Courtaulds were faced by a large rehabilitation and expansion programme in their Engineering Division and they invited Stanier to join the Board as a part-time member to direct the Company's engineering policy. Stanier's wide knowledge of many fields of engineering and his appreciation of the engineering problems facing the Company were of the greatest assistance in a period of rapid expansion. He was able to attract able young engineers to join the staff, and his human touch was specially valuable in ironing out difficulties between the engineers and the chemists. He was a member of the Board until 1958 and remained an adviser for four more years.
From 1951 until 1965 Stanier was President of the Production Engineering Research Association, when his wise counsel and enthusiastic interest in the work of the Association were a great source of strength in the years of its four-fold expansion. His unflagging energy was always at the service of the Association and he was largely responsible for raising the large sums of money needed for new buildings and equipment. His frequent visits were a great stimulus to the staff with whom he was on intimate terms. His personal interest in them and his generosity found expression in innumerable acts of kindness. Stanier had a remarkable memory for names and faces. He never forgot people he had worked with. When he was invited to travel in a Great Western dynamometer car, late in his life, he was able to tell his young companions stories about their fathers and relations at Swindon and send his good wishes to them.
Stanier's interest in machine tools led in 1945 to a directorship in H. W. Kearns & Co. Ltd of Altrincham. His visits to the works showed that his quick eye for constructive suggestions was in no way impaired and when latterly he had to use a stick this was frequently used as a pointer. It was said with some truth that he and the Works Director were the only two capable of operating every machine in the works. Stanier was primarily responsible for the formation of a Development and Experimental Department. At board meetings his colleagues relied on his judgement backed by his encyclopaedic knowledge and memory. Stanier kept his keen interest right to the end. Arrangements had been made to hold a board meeting at his home, so that he could attend, on the very day on which they met, alas, for his funeral. Stanier was a devoted intuitive engineer whose strength lay in his lifelong study and practice of production techniques rather than in outstanding originality or scientific approach. He was not a man of hobbies and the two great interests of his life were his work and his home and family. Much of his leisure was spent in studying the literature to keep himself up-to-date. He was a devoted husband and father and he was fortunate in the unbroken happiness of his home life. The loss of his wife in 1957 was a heavy blow to him that left its mark. Stanier mellowed with age. The austere, rather taciturn Works Manager of Swindon, blossomed into the warm-hearted courteous adviser who won so many friends and smoothed out so many difficulties by his human touch. When the members of the Research Council of the British Transport Commission, of which Stanier was a member, were discussing rules for their own retirement, it was unanimously agreed that they should not apply to Stanier with the perennial youth of his interest and activity. However, in the end age inevitably began to tell and on 27 Septem ber 1965 he passed peacefully away, the last in the line of the great steam locomotive engineers.
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